A new global urban map using multi source geospatial data by PHONG, Dong Xuan et al.
A NEW GLOBAL URBAN MAP 
USING MULTI SOURCE GEOSPATIAL DATA 
Dong Xuan Phong*1, Ryutaro Tateishi2, Nguyen Thanh Hoan3 and Toshiyuki Kobayashi4 1'4Graduate student, Graduate School of Science, Chiba University, 
1-33 Yayoi Cho, Inage Ku, Chiba Shi, Chiba, Japan; Tel:+ 81-43-290-2964; 1 E-mail: dongxuanphong@chiba-u.jp, dxpvn@yahoo.co.jp 
4E-mail: kobayashit@graduate.chiba-u.jp 
2Professor, Center for Environmental Remote Sensing (CEReS), Chiba University 
1-33 Yayoi Cho, Inage Ku, Chiba Shi, Chiba, Japan; Tel:+ 81-43-290-3860; 
E-mail: tateishi@faculty.chiba-u.jp 
3Doctor, Center for Environmental Remote Sensing (CEReS), Chiba University 
1-33 Yayoi Cho, Inage Ku, Chiba Shi, Chiba, Japan; Tel: + 81-43-290-2964; 
E-mail: hoanrs@gmail.com 
KEY WORDS: New Global Urban Map, Comparison, Mapping, GLCNMO 2008 
ABSTRACT: Urban Area is an important class of Global Land Use/Land Cover Map. Global Urban Mapping is 
always difficult because of the different definition of "urban area" in different countries. In remote sensing, "urban 
area" is often best defined as population density distribution, as percentage of impervious surface, nighttime light. 
Green fields and water bodies (such as a big park or a golf course) were not considered as urban. In this study, urban 
area was mapped using multi-source geospatial data of 2008 year such as Population Distribution and Density, 
DMSP-OLS (The Defense Meteorological Satellite Program's Operational Linescan System) nighttime lights, 
MODIS data and Estimate the density of constructed Impervious Surface Area (EstISA) data of 2010 year. 
Information from all data sources was combined to create a final map of urban area and compared with fine resolution 
Landsat ETM+ and Google Earth image. The Global Urban Map 2008 produced was compared with some other 
existing global maps such as GLC2000, GLOBCover2004_2006 and GLCNMO 2003 (version 1). Results of the 
comparisons showed that it was newer and better than other existing maps for the purpose of urban mapping. This 
study describes recent progress in producing reliable representations of urban areas at 500m resolution, a part of the 
project of GLCMNO version 2. Green areas in urban, rural areas and water bodies were better excluded from urban 
areas by Global Urban Map ofGLCNMO 2008 than by GLCNMO 2003. The objective of this study was improving 
the mapping method by GLCNMO 2003 using automated urban mapping classification and monitoring urban areas at 
continental and global scales using multi-source Geospatial Data and MODIS data. 
1. INTRODUCTION 
Currently, the importance and impact of urban area is greater than ever before. More than 50% of population on 
the Earth now lives in cities, towns and settlements (UN, 2008). Urban areas have profound environmental impacts, 
including urban heat island effects, conversion and fragmentation of natural ecosystems, loss of agricultural land, 
contamination of air, soil and water, increased water use and runoff, and reduced biodiversity (Pickett et al., 1997; 
El Araby, 2002; Alberti, 2005; hepherd, 2005). Urban areas are the primary source regions of anthropogenic carbon 
emissions (Svirejeva-Hopkins et al., 2004), global models of climate and biogeochemistry include only relatively 
crude representations of urban areas (Pataki et al., 2006). In a relatively short period of time, urbanization has 
emerged as a top environmental issue facing many parts of the Earth (Montgomery, 2008). An additional two 
billion people are expected to arrive in cities by 2050, with nearly 90% of this growth expected in developing 
countries. Clearly, the impact of urban areas on the human population and the global environment is significant, and 
will become even more pronounced in the future (Mills, 2007). 
Previous studies of urban areas from remote sensing have consistently relied on fine resolution data (Landsat, SPOT, 
ASTER), which limits these studies to small areas and too expensive for most researchers to acquire and process at 
continental to Global scales. The six known existing continental scale maps of urban areas include : (1) IGBP 
DISCover (Loveland et al.,2000) by the U.S. Geological Survey (USGS) using 1 km monthly Advanced Very High 
Resolution Radiometer (AVHRR) Normalized Difference Vegetation Index (NDVI) composites covering 
1992-1993; (2) Global Land Cover map by the University of Maryland (HANSEN. M. C.,2000) using 1 km spatial 
resolution data for 1992-1993 from the A VHRR; (3) GRUMP (Global Rural Urban Mapping Project); (4) GLC2000 
(IES,2000) by the European Space Agency using SPOT VEGETATION data of 2000; (5) GLCNMO by Chiba 
University (Alimujiang Kasimu,Tateishi, 2008) using MODIS 1 km data of2003; (6) GLOBCover by the European 
Space Agency (ARINO, 2007) using MERIS 300m data of 2005. - 85 -
Table 1 : Review of existing Global Urban Maps 
Abbreviation Organization 
IGBP U.S. Geological 
DISCover Survey (USGS) 
Global University of 
Land Cover Maryland 
Center for 
International 
GRUMP Earth Science 
Information 
Network 
GLC2000 
European Space 
Agency 
European Space 
GLOB Cover 
Agency 
GLCNMO Chiba University 
Figure 1: Chiba,Japan 
(The six global urban map 
and Landsat ETM+) 
LandsatETM + 
Definition of urban or 
urban-related feature 
Urban and Built-up 
Urban and Built-up 
Urban extent 
Artificial surfaces and 
associated areas 
Artificial surfaces and 
associated areas 
(urban areas >50%) 
Urban and Built-up 
IGBP 
GLC2000 
Data of year 
Spatial 
resolution 
1992-1993 1 km 
1992-1993 1 km 
1998 1 km 
2000 1 km 
2004-2006 300m 
2003 1 km 
Global Land Cover 
(Maryland Univ�rsity) 
GLOBCover 
Production Extent 
year (lmi) 
1997 NA 
1997 NA 
2002 3 524 000 
2004 308 000 
2007 313 000 
2008 NA 
GLCNMO 2003 
In this paper we present results from an effort to create a new global map of urban, built-up and settled areas. This 
work builds on previous mapping efforts using Moderate Resolution Imaging Spectroradiometer (MODIS) data at 1 
km spatial resolution and multi-source geospatial data (GLCNMO 2003), which is included as part of the project of 
GLCMNO (Global Land Cover by National Mapping Organization). Here we address weaknesses in the first map as 
well as several limitations of contemporary global urban maps by developing a methodology that relies solely on 
newly released Global Urban Map of GLCNMO 2008 using MODIS 500-m resolution data. Specifically, a 
supervised decision-tree classification algorithm is used to map urban areas using region-specific parameters. 
2. USEDDATA 
Data Organization 
Spatial Production 
Reference/Source 
resolution year 
Population Data Geographic http://www.ornl.gov/sci/ 
(LandScan 2008 Global Information Science 
1km 2008 
landscan/ 
Population Database and Technology 
2008) (GIST) 
Nighttime lights National Geophysical 
1km 2008 
http://www.ngdc.noaa.gov/ 
Data:DMSP-OLS Data Center(NGDC). dmsp/ 
MODIS 2008 CEReS, 
500m 2008 
CEReS, Chiba University 
Chiba University 
EstISA Estimate the National Geophysical http://www.ngdc.noaa.gov/ 
density of constructed Data Center(NGDC). 1km 2010 dmsp/download _global_isa.html 
Impervious Surface Area 
GDP per capita The International 
2008 
http://www.imf.org/ 
Monetary Fund (IMF) 
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2.1. Gridded population density (PD) data of 2008 
In this global analysis, population distribution and density data at a spatial resolution of 1km was downloaded from 
the LandScan global population dataset. The LandScan dataset was compiled on a 30" x 30" latitude/longitude grid. 
Census counts were apportioned to each grid cell based on likelihood coefficients, which are based on proximity to 
roads, slope, land cover, nighttime lights, and other information (Dobson,J.E,2000). This monograph is part of series 
of reports that explain and illustrate methods for applying spatial analysis techniques to investigate urban distribution 
of the world. 
2.2. DMSP-OLS data of 2008 
Artificial lighting is a unique indicator of human activity that can be measured from space. The Defense 
Deteorological Satellite Program's Operational Linescan System (DMSP-OLS hereafter DMSP) collects imagery at 
night and has a number of unique features that meet the needs of wide-scale, frequently repeated surveys of urban 
growth. A nighttime lights map was obtained from National Geographical data Center produced using time series 
data for the year 2008, where pixel values are the average digital number for the year. The human settlements product 
represents the stable lights in which clouds, gas flares, lightning and other ephemeral and extraneous signals have 
been screened out leaving only "city lights" (Elvidge, 2001). The products are 30 arc second grids, spanning -180 to 
180 degrees longitude and -65 to 65 degrees latitude. 
2.3. MODIS-NDVI data of 2008 
Spatio-temporal distribution of vegetation is a fundamental component of the urban environment. Vegetation 
influences urban environmental conditions and energy fluxes by selective reflection and absorption of solar radiation 
(Gallo,K. P.,1993). Vegetation index data was acquired by MODIS-Moderate Resolution Imaging Spectroradiometer 
- system includes two satellites: Terra and Aqua. The MODIS 2008 dataset is a cloud free 16-day composite with 7 
spectral bands and a 500 m spatial resolution. This dataset was processed by the Center for Environmental Remote Sensing 
(CEReS) at Chiba University . NDVI was calculated. A Maximum Value Composition (MVC) was then applied to all 
NDVI images with the aim of selecting pixels less affected by clouds and other atmospheric perturbations 
(HOLBEN,1986). 
2.4 EstISA (Estimate the density of constructed Impervious Surface Area) data of 2010 
This data present the global inventory of the spatial distribution and density of constructed impervious surface area 
(ISA). Examples of ISA include roads, parking lots, buildings, driveways, sidewalks and other manmade surfaces. 
While high spatial resolution is required to observe these features, the new product reports the estimated density of 
ISA on 1 km2 grid based on two coarse resolution indicators of ISA - the brightness of satellite observed nighttime 
lights and population count.( Christopher D. Elvidge , 2007) 
2.5 GDP per capita data of 2008 
Gross domestic product based on purchasing power parity per capita data of 2008 from The International 
Monetary Fund (IMF) . This data is used to divide the countries into 4 groups according to level of development. It 
is the basic index for distinguishing characteristics of urban areas. 
3. METHODOLOGY 
3.1 Definition of urban area 
Global Urban Mapping is always difficult because of the different definition of"urban area" in different countries. It 
is important to provide a clear conceptual framework of the urban environment for regional and global mapping 
studies. "Urban area" is a depiction of land use, and includes commercial, industrial, residential and transportation 
land use types, because these classes are most functional for urban planners and practitioners. These classes are 
distinct from land cover, which is defined as the physical attributes, composition, condition and characteristics of the 
Earth's surface. Urban areas are heterogeneous mixtures of land cover types, and may contain any number of 
vegetated (grass, shrubs, and trees) and man-made surfaces (cement and asphalt). In this study, a definition of urban 
areas based on physical attributes: urban areas are places that are dominated by the built environment. The 'built 
environment' includes all non-vegetative, human-constructed elements, such as buildings, roads, runways, etc. (i.e. a 
mix of human-made surfaces and materials), and 'dominated' implies coverage greater than or equal to 50% of a 
given landscape unit (here, the pixel) (Schneider et al., 2010). Pixels that are predominantly vegetated (e.g. a park) 
are not considered urban, even though in terms of land use, they may function as urban space. Although 'impervious 
surface' is often used to characterize urban areas within the remote sensing literature (Ridd, 1995), this study prefer 
the more direct term 'built environment' because of uncertainty and scaling issues surrounding the impervious 
surface concept (Small, 2003; Small & Lu, 2006; Stow et al., 2007). In remote sensing, "urban area" is often best 
defined as population density distribution, as percentage of impervious surface, nighttime light. Green fields and 
water bodies ( such as a big park or a golf course) were not considered as urban. 
Finally, this study also define a minimum mapping unit: urban areas are contiguous patches of built-up land greater 
than 1 km2 . 
3.2 Data processing 
In this section, a methodology for creating continent scale map of urban area using multiple sources of input data is 
described. The methods involved 5 main steps as shown in Fig.2. - 87 -
First step is preprocessing. Population Density, DMSP and EstISA Data at spatial resolution of 1km were 
downloaded. Then they were resembled from "spatial resolution of llan" to "spatial resolution of 500m". 
Secondly, "Gross domestic product based on purchasing power parity (PPP) per capita GDP 2008" data is used to 
divide the countries into 4 groups according to level of development. It is the basic index for distinguishing 
characteristics of urban areas 
Thirdly, each continent (Eurasia, Africa, North America, South America, Oceania) with 4 groups of level 
development, threshold gridded population density data, nighttime lights (DMSP) and Density of constructed 
Impervious Surface Area (EstISA) data with a reference of fine resolution Landsat ETM+. 
Fourthly, using maximum MODIS-NDVI data of 23 periods exclude green areas in the urban area. This research 
generate NDVI_Max with the maximum algorithm as expressed in (Eq.l) 
NDVI_Max=Max{NDVI_l , NDVI_2, ... ,NDVI_23} (Eq.1) 
Where, NDVI_l ,  NDVI_2, ... ,NDVI_23 are the multi-temporal MODIS-NDVI images acquired staring from 
2008/01/01 to 2009/01/02. 
Fifthly, DMSP and Density of constructed Impervious Surface Area (EstISA) are used to exclude rural areas around 
urban. In this way, information from all three data sources was combined to create a final map of urban area and 
compared with fine resolution Landsat ETM+ and other existing global urban maps. 
Figure 2 : Flowchart of urban mapping methodology 
Population 
D ata 2008 
Threshold 
Group 1 (Lo income) 
Group 2 (Low midd le income) 
Group 3 pper midd le income) 
Group 4 (Hieb income) 
DMSP-OLS 
Population 
Density 
(o, .124) 
D fSP-OLS 
(1, 63) 
EstISA 
(0,100) 
J't\l>VI_Max 
iDVI_ fax 
(-1, 1) 
Result 1 J I Result 2 ] I Result 3 ] [ Result 4 ] 
Group 1: < 2000 USD 
I Group 2: 2000-5000 USD 
I Group 3: 5000-16,2000 
�
[ Group 4, >16,2000 USD 
Comparison with 
LandsatETM+ 
URBAN MAP 
2008 --------C_o _m_b_in_a_tio_n _____ _,J c==::>[ 
.._ ____ _, 
Regions Threshold 
Population Density DMSP-OLS EstISA NDVI Max 
(0, 77.124) (1, 63) (0,100) (-1, 1) 
Group 1 (Low income) 800 5 3 0.52 
Eurasia Group 2 (Low middle income) 800 10 5 0.62 
Group 3 (Upper middle income) 500 15  7 0.72 
Group 4 (High income) 500 20 10 0.82 
Group 1 (Low income) 800 3 3 0.42 
Africa Group 2 (Low middle income) 800 5 5 0.47 
Group 3 (Upper middle income) 500 10 7 0.52 
Group 4 (High income) 500 15  10 0.57 
Group 1 (Low income) 800 5 3 0.52 
North Group 2 (Low middle income) 800 10 5 0.62 
America Group 3 (Upper middle income) 500 15  7 0.72 
Group 4 (High income) 500 20 10 0.82 
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Group 1 (Low income) 800 
South Group 2 (Low middle income) 800 
America Group 3 (Upper middle income) 500 
Group 4 (High income) 500 
Group 1 (Low income) 800 
Oceania Group 2 (Low middle income) 800 
Group 3 (Upper middle income) 500 
Group 4 (High income) 500 
4. RESULTS 
The GLCNMO Urban Map 2003 results are quite accurate 
in continental and national scales. However, misclassified 
pixels occurred when compared with Landsat ETM+ and 
high-resolution urban map from Google earth. Especially in 
developed region like Europe, some residential area with lots 
green or near big parks were misclassified as green area. In 
addition, the scale of cities in developing countries is 
different from the rest of the word, so that most small cities in 
Asia are not represented. But this product Global Urban Map 
2008 can do it better, specifically it can exclude green areas 
in the urban area is better than GLCNMO 2003. 
Figure 3 : Excluding green areas in Nagoya Higashiyama Park. 
5 3 0.52 
10 5 0.62 
15 7 0.72 
20 10 0.82 
3 3 0.52 
5 5 0.62 
10 7 0.72 
15 10 0.82 
Google Earth 2005 GLCNMO 2003 
Global Urban Map 2008 Comparison 
The Urban map produced in this study was compared with some other existing global maps such as GLC2000, IGBP, 
GLOBCover, GRUMP, GLCNMO 2003. Results of the comparisons show that product of this study, Global Urban 
Map 2008, is newer and better than other existing maps for the purpose of Urban mapping. 
Figure 4: Comparisons 1 (Urban area in Ha Noi, Viet Nam) 
Global Urban Map 2008 IGBP 
Global Land Cover 
Landsat ETM+ 2004 GRUMP GLC2000 - 89 -
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